Effects of cyclen and cyclam on zinc(II)- and copper(II)-induced amyloid beta-peptide aggregation and neurotoxicity.
The aggregation of amyloid beta-peptide (Abeta) in plaques in brain tissue is highly associated with Alzheimer's disease (AD). Aberrant homeostasis of cerebral metals such as Zn(2+) and Cu(2+) may facilitate the formation of the pathogenetic amyloid plaques. Further, the accumulation of redox-active Cu(2+) in these plaques leads to the generation of reactive oxygen species, which mediates the conspicuous oxidative damage to the brain in AD. In this study, the effect of macrocyclic polyamine chelators, cyclen and cyclam, on the aggregation of Abeta40 induced by Zn(2+) or Cu(2+) was investigated using turbidometry, thioflavin T fluorescence spectroscopy, electrospray ionization mass spectrometry, inductively coupled plasma mass spectrometry, BCA protein assay, circular dichroism spectroscopy, and atomic force microscopy. The solubility of Zn(2+)- or Cu(2+)-induced Abeta40 aggregates is greatly increased by cyclen or cyclam as compared to that without chelators, and the solubilization is not affected by other essential metal ions such as Ca(2+) and Mg(2+). Moreover, the metal-induced beta-sheet structure of Abeta40 can be reconverted to its original random coil conformation, and the generation of H(2)O(2) mediated by the Cu-Abeta40 complex can also be inhibited by these chelators. Preliminary tests on neuronal cells indicate that these chelators are capable of reducing the toxicity of metal-Abeta40 aggregates. These observations suggest that cyclen and cyclam could be lead compounds as neuroprotective or neurorescue agents for the treatment of AD.